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 Wind turbines in the atmospheric boundary layers experience dynamic loads that cause high stress and strain 
cycles, which reduce the life span of their components. The life expectancy in terms of load cycles of the 
materials used in wind turbine design follows an empirical power-law relationship with the stress or strain 
amplitude. The accumulated effect of each cycle determines the damage of the material, and a common practice 
is to evaluate the so-called damage equivalent loads1 (DELs) to directly compare among various load cases. 
However, such a cycle-based fatigue analysis is difficult to incorporate in an online controller that would aim at 
increasing service life. 
In this work, we present an alternative way to evaluate fatigue, based on an energy balance. The energy input 
to the system is propagated through the structure via oscillations and part of it is locally dissipated. The 
equivalency of the dissipated energy to the widespread cycle-based techniques is addressed with the use of 
hysteresis loops. The way to formulate this fatigue criterion in a continuous time domain is further discussed. 
Our simulation test environment consists of one row of NREL 5-MW wind turbines.2 We conduct large-eddy 
simulations (LES) of the atmospheric boundary layer employing our in-house code SPWind3 that is coupled to 
an actuator sector model and a multibody dynamics module4. We run our simulations for different streamwise 
distance between the turbines and for below and above rated wind speeds. 
 The distribution of DELs along the turbine row is compared to the dissipated energy. The energy balance of 
the rotor and tower dynamics is presented for each simulation case to provide further insight. We also look at 
the non-torque moments acting on the low-speed shaft. These are particularly important for the gearbox lifetime. 
The effect of added wake turbulence on the statistical properties of the yaw and tilt moments still remains 
unclear. We attempt to shed more light on it by exploiting the statistical moments and probability density 
functions of the bending moments of the downstream turbines. 
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